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Introduction

The Director’s Discretionary Fund (DDF) at Ames Research Center was established to fund innovative, high-risk projects
in basic research that are essential to our future programs but otherwise would be difficult to initiate. Summaries of
individual projects within this program are compiled and issued by Ames each year as a NASA Technical Memorandum.
These summaries cover 16 final and 26 ongoing projects in Fiscal Year 1999.

The contents are listed alphabetically according to the last name of the primary investigator in two sections (final and
ongoing reports). Following the narrative reports, two appendixes (for final and ongoing reports) contain brief
descriptions with the financial distribution and status of each of the projects.

Any questions can be addressed to an investigator directly.

Vil



Section 1

Final Reports



Where Are the Hidden Supernovae?

Investigators interfaced to a control computer; cabling between the new

J. Bregman, D. Wooden, and T. Roellig, electronics and the dewar is in progress. A long delay in

Ames Research Center, Moffett Field, CA 94035-1000 delivery of the electronics has delayed our initial
observations by more than a year.

Objectives of the study

To determine whether there are supernovae hidden from Significance of the results

view at optical wavelengths in the cores of starburst Tests of the engineering-grade array show it to be

galaxies and to measure how often they occur. extremely sensitive and with sufficiently low dark current
to be usable from ground-based telescopes. Its perfor-

Progress and results mance should be two to four times better than our

A science-grade 256« 256-long wavelength HgCdTe previous detectors.

array was purchased, and an engineering-grade array is in

the camera dewar and has been tested with preexisting Keywords

electronics. New electronics were purchased and Infrared rays, Supernovae



Graphics Software Architectures for True Three-
Dimensional High-Resolution Volumetric Displays

Investigators sparse raster approach sends to the volume display only
Steve Bryson, the data to be drawn rather than a frame buffer that may
Ames Research Center, be mostly empty. The research will result in a simple
Moffett Field, CA 94035-1000 graphics library that renders three-dimensional graphical

primitives using the sparse raster approach. This graphics
Chris Henze, MRJ, Inc., Ames Research Center library would support points, lines, and polygonal

surfaces, and would allow simple monochromatic shading
Objectives of the study algorithms such as Gouraud shading and simple lighting.
Inherently three-dimensional displays (“volume This library would be used to implement simple

displays”), which fill physical three-dimensional space  demonstration programs using a volume display,

with truly three-dimensional images, recently have been including an interactive scientific visualization

developed. These volume displays use a variety of application.

technologies ranging from moving arrays of lights to

intersecting lasers. Volume displays present truly three- Progress and results

dimensional images, which contain all the correct depth Preliminary design of the sparse raster approach has been

cues simultaneously for multiple viewers. By providing  done. Discussions have occurred with the vendor to

high-quality three-dimensional images to multiple integrate this research with the vendor's underlying

viewers, volume displays support collaborative computer-architectures. Hardware development is expected to be

based design and engineering. Such collaboration is completed in FY0O.

critical in several NASA missions such as spacecraft and The architecture described above will be developed in

aircraft design, operations, and the visualization of close cooperation with the hardware vendor in FYQO.

scientific data. Formal vehicles such as memoranda of understanding
Current approaches to computer graphics, based on (MOUs) will be explored to increase the cooperation

raster methods and frame buffers, are not well suited for petween the vendor and NASA. We are currently pro-

volume displays. The purpose of the research is to jecting joint patents and research publications to result

develop a hybrid raster and vector graphics approach, from this work.

which we refer to as “sparse raster.” In this approach,

graphical primitives such as polygons embedded in threeKeywords

dimensions would be converted into points and lines  Three-dimensional display, Virtual reality, Scientific

using three-dimensional generalizations of conventional visualization

raster, which would then be rendered in the volume

display using three-dimensional vector techniques. The



Self-Contained Oculomotor Tracking System (SCOTYS) to
Study Gaze Control in Humans during Self-Locomotion

Investigators connections for a mouse (PS2 or serial), keyboard, VGA
Malcolm Cohen, Ames Research Center, port, parallel port, COM1 and COM2 ports, IDE
Moffett Field, CA 94035-1000 connector for a hard drive, a connection for a 3 1/2-inch

floppy drive, and a PCMCIA module based on the Cirrus
Geoffrey Bush, Lockheed Martin Space Operations, Logic CL-PD6722 Host Adapter, which provides for two
Ames Research Center PCMCIA sockets.
To facilitate system development, a monitor, PS2
Eric Sabelman, Rehabilitation Research & Development mouse, keyboard, 3 1/2-inch floppy drive, and a 540-MB
Center, Department of Veterans Affairs Medical Center, hard drive were connected to the carrier board and the

Palo Alto, CA 94304 Basic Input/Output System (BIOS) was configured
appropriately. A regulated power supply was set up to
Objectives of the study provide 12 volts (V) and sufficient current to power the

To fabricate and test a portable, first-generation Self- ~ board, a fixed drive, and the floppy drive. The serial and
Contained Oculomotor Tracking System (SCOTS). The parallel ports were tested for proper functioning.

system will be designed to measure the horizontal and The PCMCIA bus serves as the route of data input
vertical movements of both eyes as well as accelerationsthrough two separate means. Socket A contains a data-
of the head during a variety of behavioral situations such acquisition system (Keithley 16AIAO Type Il PCMCIA

as walking, running, standing up, and bending over. card) with eight single-ended analog input channels. The
analog-to-digital (A/D) card supports sampling rates up to
Progress and results 100 kilohertz (kHz) with 16-bit resolution. Input to this

The development of the SCOTS has proceeded in two ~ card comes from the infrared oculography device. The
phases. Activity in Phase 1 produced an alpha-generatioiour analog input channels used are 1) right eye horizontal

device that is a working bench-top prototype. Work position, 2) right eye vertical eye position, 3) left eye
during the initial phase included component procurementhorizontal position, and 4) left eye vertical position. The
fabrication of hardware as required, assembly of the ~infrared oculography device consists of an array of
infrared oculography components and the digital infrared light-emitting diodes (LEDs) and infrared

accelerometry components, and finally integration of the Sensitive phototransducers mounted onto goggles worn by
various components with the Advanced Micro Devices the subject. The infrared light is reflected from the surface
(AMD) microprocessor. Component selection has been Of the eye and converted into a voltage. Voltages arising
governed by design objectives that included minimizing from phototransducers in different locations in each array
power consumption and reducing form factor. During are passed to separate horizontal and vertical differential
Phase 2, components of the bench-top prototype have amplifiers. The output of these amplifiers represents the
been reproduced as miniature versions of the original ~ horizontal and vertical position of the eye. The signal is
circuits, resulting in a compact portable system. In then low-pass filtered before it is acquired by the A/D
addition to hardware assembly, a portion of the SCOTS Circuitry. The position of the LED array in front of each
development effort has involved programming the variou£Y€ is adjustable to maximize the infrared (IR) reflectance
devices that interface to the microprocessor and writing detection from the cornea.
software that enables the user to easily acquire and Socket B contains the Altera chip (EPF10K70RC240-
download the data. The SCOTS development has made 3 Flex 10K chip). The primary function of the Altera chip
use of currently available technologies to minimize costs.S to provide the interface between the six digital

The core of the system is the n€%3,86 Processor accelerometers and the Adaptive System’s embedded
Module (AMD 586 chip) configured with 32 megabytes computer system through the PCMCIA bus. The
(MB) of DRAM. The processor runs at 133 megahertz PCMCIA bus is controlled by a Cirrus Logic CL-PD6722
(MHz) to give a 105.6-megabyte-per-second (MBps) ISA to PC-Card Host Adapter that uses an index register
burst bus at 33 MHz. The carrier board provides for method to access internal registers. The Altera chip can be
system management, VGA control, and input/output programmed to provide access to the read and write
(1/0), and, therefore, is equipped with industry-standard registers. During the initial development, the Altera chip



was surface mounted onto a PCMCIA extension card, would permit keyboard entry of information such as
allowing the supporting circuitry to be developed. For  experiment parameters and data header but also would
example, the chip requires a 50-MHz TTL oscillator. In  allow for remote initiation and termination of the data
general, the Altera chip performs the following functions: acquisition. Each node consists of a data radio board and
1) provides the clock frequency for all the accelerometershost protocol board. The protocol board connects to an

2) counts the pulse outputs from the accelerometers, unused serial port on the host computer using an RS232
3) sets the acquisition rate for the accelerometer data, cable. Radio frequency (RF) transmission can be selected
4) performs the accelerometer calibration, 5) buffers the for either 433.92 or 916.5 MHz with a maximum

data to the CPU, 6) provides digital 1/0 for indicator transmission rate of 22.5 kilobits per second (kbps).
LEDs, 7) provides user-definable buzzer tones for menu Assembly of the SCOTS has progressed well. Some
selections, and 8) provides a ready signal to the micro- Phase 2 work needs to be completed, primarily the
processor for data acquisition. Input to this card comes process of miniaturizing the components. Currently, the
from the accelerometers. The accelerometers are the  Altera chip and its associated circuits are being placed on

capacitive digital type by Silicon Designs, Inc. They a PCMCIA card. Once this process is complete, the entire
produce a digital pulse train in which the number of system will be returned to Adaptive Systems, Inc. so that
pulses per second is proportional to the applied they can convert the various components of the develop-

acceleration. The Altera chip provides the 250-kHz clock ment system to their nC52modules. These modules
frequency for the accelerometers. The initial developmentvill allow the different system components to be
work involving the Altera chip was carried out at the physically arranged in a user-defined configuration (i.e.,
Rehabilitation Research & Development Center in Palo stacked or linked end to end, for example).
Alto, California. A duplication of the Altera components
has begun for incorporation into the SCOTS. Keywords
Wireless communication between the microprocessoGaze control, Portable eye tracker
and a separate computer was implemented to allow an
operator access to the microprocessor. Such remote access



Parallelization Tools for Computational Fluid Dynamics

Investigators

Maylene Duenas,

Ames Research Center,
Moffett Field, CA 94035-1000

1.
T. S. Kuan and R. P. Linstedt
Imperial College of Science, Technology & Medicine
Exhibition Road
London SW7 2BX
United Kingdom 2.

Objectives of the study
To assess the performance and ease of using a suite of
computational tools (CAPTools) developed at the

University of Greenwich for the automatic translation of 3.

serial simulation codes into parallelized versions capable

of utilizing large-scale computing facilities. CAPTools is 4

a software toolkit that automatically translates serial
applications into parallelized versions based on message
passing.

5.

Progress and results
Two parallel codes and one code featuring dynamic-local

that seemed obvious to a programmer. Furthermore, the
integration of manually produced and optimized code
segments into CAPTools was not readily achieved. Five
possible future development directions were identified:

There is probably a need to redefine the working
model and assumptions inherent in CAPTools. We
need to produce open and transparent code with
direct message passing interface/shared memory
direct access (MPI/SHMEM) calls.

Modularity in terms of parallelized solvers combined
with codes parallelized manually or semiauto-
matically needs to be examined. Specifically, the
integration of CAPTools with parallel libraries needs
to be considered.

The potential benefit of partial/selective
parallelization should ideally be assessed.

A view of the balance between sophisticated solvers,
solution strategy, and machine architecture needs to
be established (sweep lengths, processor
communications, etc.).

Issues such as load balancing, heterogeneous
systems, and, for CAPTools, variable loop limits
need to be addressed.

grid refinement were assessed using CAPTools. For the N summary, the stability of CAPTools needs to be
codes submitted, CAPTools was either 1) unsuccessful tgignificantly improved before it constitutes a useful
complete the analysis; or 2) unable to generate code thatPractical tool. _Staff training was not the major difficulty.
can be compiled:; or 3) generated a compilable code but However, the ideas and concepts underlying the product

executed incorrectly. One code was successfully
parallelized, but it executed poorly.

are sound and well worth exploring further.

References

Significance of the results 1

This outcome is consistent with researchers’ experiences
at the Ames Research Center for first-time users of
CAPTools. Further interaction with the University of
Greenwich and further optimization work is required on
the set of parallel codes that executed correctly. For one
fine-grained application (DNS Code for laminar flames
with complex chemistry) tested, the time spent paral-
lelizing the code with CAPTools is similar to that taken to
produce the manual code. Most of the time was spent
working around instabilities in CAPTools. For one
coarse-grained application (turbulent reacting flows with
complex chemistry) tested, the inability of CAPTools to
cope with variations in particle numbers is (probably)

Johnson, P.; Leggett, P.F.; lerotheou, C.S.; and
Evans, E.W.: Computer Aidd@arallelisation Tools
(CAPTools) User Manual, CAPTools Version 2.0
Beta. Parallel Processing Research Group, Faculty of
Science and Technology, University of Greenwich,
London, October 1998. E-mail: captools@gre.ac.uk;
Web URL: http://captools.gre.ac.uk.

Linstedt, R.P.; and Sakthitharan, V.: Parallel
Processing and Direct Simulation of Transient
Premixed Flames with Detailed Chemical Kinetics.
To appear in High Performance Computing, Plenum
Press, 1999.

Keywords

similar to that associated with local grid refinement. With Parallelization tools, Computational fluid dynamics codes

another coarse-grained application (homogeneous turbu-
lence code), CAPTools did not pick up parallelizations



Large-Scale Processing of Carbon Nanotubes

Investigators

John Finn and Meyya Meyyappan,
Ames Research Center,

Moffett Field, CA 94035-1000

Sunita Verma, Orbital Sciences Corporation,
Ames Research Center

Objectives of the study

To develop a chemical vapor deposition (CVD) process
to grow carbon nanotubes (CNT) for nanotechnology
applications. CNT is a material with extraordinary
mechanical and electrical properties. It has the potential
for ultralightweight composites, but methods to grow

arm. The reactor has multiple mass-flow controllers to
admit various precursors. The entire system is enclosed
under a hood with a glass shower-curtain-like door with
all appropriate safety measures.

The precursor system studied is CO disproportiona-
tion, a system that has been successful, and the recipe
used has yielded carbon nanotubes.

The major focus during this fiscal year was to
develop optimal conditions for the growth of CNT. The
understanding of the growth process in the community is
minimal. Developing diagnostic tools for obtaining
insight into the mechanism is beyond the scope here.
Therefore, we have done systematic investigations by
varying temperature, gas flow rate, and catalyst prepara-

large quantities are required. CNT also has the potential f&n to correlate with CNT production as well as the

revolutionize nanoelectronics, a revolution for which
controlled growth on patterned wafers is critical. Two
existing techniques, laser ablation (from Nobel Laureate
Richard Smalley) and carbon arc growth (used mainly in
Japan) cannot give large quantities for composites; they
are not suitable for electronics because CNT is scraped

number of walls.

Significance of the results

We have demonstrated that a CVD technique using CO
disproportionation reaction can grow CNT. Since the
DDF project completion, we have recently built a second

off the walls. The Ames CVD process, in contrast, is idealCVD reactor through a NASA program for routine

for all applications.

Progress and results
The reactor, built using DDF funding, consists of an
approximately two-foot-long quartz chamber enclosed in

production of nanotubes. We have also been awarded a
contract from the National Cancer Institute to develop
nanotube-based biosensors for which the CVD work is
critical.

a high-temperature furnace. The furnace has three heatin§eywords
zones and is capable of maintaining an isothermal growttCarbon nanotubes, Chemical vapor deposition,
zone. The system is capable of taking multiple wafers in &anotechnology

single run; they can be loaded from one end using an



Spectroscopic Studies of Mass-Selected Ions and the
Evolution of Carbon-Bearing Molecules in the Galaxy

Investigators equipment. While somewhat less tangible, this element is
Douglas M. Hudgins, Thomas M. Halasinski, no less important for the ultimate realization of this
and Robert Walker, Ames Research Center, project. The movement of the existing experimental setup
Moffett Field, CA 94035-1000 to the new laboratory is currently under way.

The first phase of the project is now complete. In the
Objectives of the study second phase, an appropriate vacuum chamber for
In recent years it has become clear that polycyclic housing the new ion source/mass selection instru-

aromatic hydrocarbons (PAHs) and related materials are mentation will be purchased, and a working mass
prominent at all stages of the life cycle of matter in the ~ spectrometer will be constructed. In this configuration,
interstellar medium. As a consequence, not only do thesethe equipment will be optimized to produce the mass-
species hold enormous potential as probes of the selected ion currents necessary to conduct the matrix-
interstellar medium, but they also represent the single  isolation infrared spectroscopy measurements. In the final
largest source of prebiotic organic carbon in evolving  stage of the project, the optimized mass selected ion
planetary systems. Unfortunately, the highly reactive, ~ source will be married to the existing matrix-isolation
transient nature of the PAH species that routinely thrive apparatus.

under interstellar conditions makes it notoriously difficult Also noteworthy is the fact that, motivated by the

to generate and study all but the simplest analogs in the Progress to date, NASA Headquarters has authorized a
terrestrial laboratory. It is the goal of this project to National Research Council (NRC) Associateship position
greatly increase and diversify the inventory of PAH- to support the hiring of a scientist to implement the
related transient species that can be studied spectro- ~ remaining stages of the project. The search for an
scopically in the laboratory. We plan to accomplish this appropriate candidate is currently under way.

goal through the development of a unique, new gas phase

ion source capable of producing and isolating pure, massSignificance of the results

selected ions that can then be trapped in an inert solid  The spectroscopic measurements of ionized PAH-related

matrix and probed spectroscopically. molecular species facilitated by this project will allow the
full exploitation of those species as interstellar probes,
Progress and results and reveal the step-by-step evolution of carbon-bearing

In the first year of this project, the ion production/mass- Mmolecules from their birth in circumstellar shells, through
selection equipment and their associated electronics weréheir maturation in the interstellar medium, to their
purchased from ABB Extrel, Pittsburgh, Pennsylvania. A incorporation into planetary systems.

schematic of the system is shown in figure 1. The major

milestone in the second year was the acquisition of new Keywords

laboratory space sufficient to allow construction of the  lonized polycyclic aromatic hydrocarbons, Infrared

new instrument, and preparation of that space to receive spectroscopy of molecular ions, Life cycle of interstellar
the matrix isolation of mass-selected ions (MIMSI) organic molecules
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SHARP-L1 Concept Development

Investigator composite (UHTC) materials under development at

Paul Kolodziej, Ames Research Center, Ames. UHTCs have a unique combination of mechanical,
Moffett Field, CA 94035-1000 thermal, and chemical properties that enable the

fabrication of very small radii or sharp leading edges for

Objectives of the study nonablating hypersonic operation. One of the most useful
To develop concepts and technologies for advancing the approaches for understanding the conditions where these
technology readiness level (TRL) of the Slender leading edges are capable of operating without ablation is
Hypersonic Aerothermodynamic Research Probe - Liftingthe aerothermal performance constraint (APC). APCs are
#1 (SHARP-L1) flight demonstrator described in the determined by numerical simulation of the coupled

SHARP-FX proposal to the Future-X program, and breakaerothermal heating / thermal response behavior of the
new ground toward the design of sharp-body hypersonic UHTC leading edge to define the steady-state
vehicle concepts. “nonablating performance” constraint on the altitude-

The government/industry/university team that velocity flight envelope [1]. Trajectories that cross the
prepared the Future-X proposal has continued developind\PC cause ablation of the sharp UHTC leading edge that
SHARP-L1 to retire the concerns raised by the Future-X requires excessive refurbishment before reflight.

Source Evaluation Board, and has worked to identify ~ Trajectories that do not cross the APC minimize

potential impacts of SHARP technologies on NASA refurbishment between flights. By utilizing APCs in this
missions. Since its conception, the SHARP program has manner, a vehicle designer is able to quickly determine if
utilized a dual thrust approach focused on advancing  the current vehicle design will experience leading-edge
TRLs and developing advocacy. The approach is utilized ablation without waiting for an extensive thermal

here to: improve the analysis of the SHARP-L1 stability analysis. For example, the comparison in figure 1

and control; design a sounding rocket experiment to test demonstrates that a sharp UHTC nose tip attached to the

prototype control system for SHARP-L1; and initiate Shuttle would not ablate during a nominal reentry.
studies of reusable launch vehicle (RLV) and Waverider Understanding the design constraints of the thermal
sharp-body concepts for future NASA missions. protection system (TPS) behind the sharp UHTC leading
edge, or body TPS, is also important. The body TPS
Progress and results insulates the structure, or airframe, from the aerothermal
Early hypersonic vehicle concepts were based on heating. On large vehicles (Shuttle), the structure may

extrapolations of the knowledge and experience acquiredcOVver an area larger than 10,000 square feépt Clearly, .
in the development of supersonic aircraft. These concept¥€hicle shapes that minimize the surface area enclosing a
were slender-body vehicles with sharp leading edges to 9given volume reduce the amount of TPS and structure.
minimize wave drag. At hypersonic velocity, the aero-  Early reentry capsules implemented this strategy by
thermodynamic heating is severe and the sharp leading Utilizing spheres to enclose the maximum volume with
edges that were fabricated from Inconel X, titanium, or  Minimum surface area. Although volumetrically efficient,
carbon-carbon melted or ablated to a larger radius. SinceSRheres with a lift-to-drag ratio of zero (L/D = 0) have no
larger radius reduces the aerothermodynamic heating, th8YPersonic aerodynamic performance for maneuvering.
leading edge melts or ablates until an energy balance is Later reentry capsules (Apollo) utilized simple blunt-body
established between the fluid and the material. The geometries with L/D > 0 and operated along lifting
complexity of this behavior introduces significant trajectories to reduce heating, reduce deceleration, and
uncertainty into the design of a hypervelocity vehicle. Forcorrect for uncertainties during re-entry to minimize the
reusable vehicles, sharp nose tips and wing leading edgelgndmg foqtprmt. Adding wings sufficiently increased the
that ablate are undesirable because of the high life-cycle L/D to routinely land the Shuttle on a runway.
costs due to refurbishment. Therefore, to maximize An historical perspective of this trend is shown in
performance and minimize life-cycle cost, it is important figure 2 [1]. Gemini and Apollo were volumetric efficient
to focus on the material limitations and the operating ~ designs with low L/D for small adjustments of the
environment early in the design process. splashdown footprint. The HL-10, M-2, and X-24 family
The enabling technology for reusable, hypersonic of blunt lifting bodies achieved higher L/D to reduce the

sharp-body concepts is the ultra-high temperature ceramic
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footprint for runway landing. Subsonic aerodynamic
performance was improved to provide additional margin
during approach and runway landing with the X-20 and
Shuttle winged glider configurations. As the vehicle
geometry evolved to improve the runway landing capa-
bility, the volumetric efficiency steadily decreased, the
surface area steadily increased, and the amount of TPS
and structure steadily increased.

The constraints imposed on hypersonic vehicle
designs by runway landing requirements were identified
in Hankey’s optimization study of winged glider
configurations [1]. When runway landing was no longer a
requirement, the maximum L/D and volumetric efficiency
increased significantly. The improvement may be
observed in figure 2 by comparing the X-20 and Shuttle
data with the curve defining a family of wingless optimal
geometries. From this curve it is possible to select a
vehicle shape with sufficient hypersonic L/D required to
meet the mission requirements. For example, the optimal
geometry for an L/D = 0 is a sphere. Higher L/D
capability is achieved by selecting optimal geometries
that resemble hybrid wedge/cone combinations with shar
leading edges.

Significance of the results

To maximize volumetric efficiency and L/D, the SHARP-
L1 geometry shown in figure 3 was selected from the
knee in the optimal geometry curve in figure 2. Several
modifications to the optimal geometry were made by the
Future-X team to enhance the stability and control
characteristics. These constraints on hypersonic stability
and control, although not as severe as the constraints on
runway landing, have a similar detrimental effect on L/D
and volumetric efficiency. As a result, SHARP-L1 is now
located slightly below the optimal geometry curve in
figure 2. A similar trend is likely for other practical
modifications to an optimal geometry, such as engine
integration. To build a vehicle that meets specific mission
requirements, it is important to understand these trends
and select an initial concept with sufficient margin.

It is important to bridge the gap between concepts
and practical applications early in the development of
advanced technology by identifying end users in order to
demonstrate relevance, develop advocacy, and provide
independent, objective assessments. Two possible end
users of SHARP technologies are the Bantam class of
RLVs and Waveriders. A consortium agreement was
initiated at the Georgia Institute of Technology to
examine the impact of sharp UHTC leading edges and
Hankey optimal geometries on vehicle size, weight, and

12

cost. These SHARP technologies were utilized in the
Stargazer shown in figure 4 [1]. Stargazer is a Georgia
Tech design for a future Bantam-class RLV. A second
consortium agreement was initiated at the University of
Maryland to examine the impact of SHARP technologies
on a class of very high L/D vehicles known as
Waveriders. UHTCs enable the sharp leading edges on
the Waverider shown in figure 5 [1]. A third consortium
agreement was initiated at Stanford University to develop
a sounding rocket experiment to acquire data on the
stability and control of SHARP-L1. This experiment
retires risk by performing a “hardware-in-the-loop test” of
the flight control system before the SHARP-L1 flight [1].
In addition, providing students with project experience
creates the educational balance required by U.S.
industries competing in the global aerospace marketplace.
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Development of a Fully Automatic Mini-Holographic
Optical Instrument for Fast Separating and Detecting
Amino Acids for Future Planetary Missions

Investigators

Narcinda Lerner,

Ames Research Center,
Moffett Field, CA 94035-1000

Jr-Lung Chen and Thomas Shen,
SETI Institute, Ames Research Center

Objectives of the study
To investigate and establish the feasibility of building
prototype equipment that will separate and detect

their binding properties to native amino acids needs
further improvement in order to realize onsite analysis.
The second year of the project focused on developing
mini-columns and/or micro-channels in a chip, which
contain layers of amino acid-specific molecularly
imprinted polymers. With increased affinity to specific
amino acids, it is believed that the prefabricated columns
would then retain amino acids more strongly than other
chemicals, so the concentration, separation, and possibly
detection could be achieved in a single step. One of our
objectives is to optimize a mini-column preparation

underivatized amino acids from soil samples for planetarynethod. Another objective is to develop a better, more

spaceflight programs. The focus of the first year was
development of new materials that would have specific
affinity for native amino acids in general. The underlying
concept for designing these new types of materials is
molecular imprinting that has been successfully used in
preparation of polymeric materials for chromatographic

efficient method to detect native amino acid at higher
sensitivity. This ability would potentially eliminate the
problems from derivatizing amino acids before their
separation and detection. A detector chamber was
designed and fabricated to detect separated amino acids
using amino group-specific chemilluminecent reagents, in

separation and sensor technology. The main objective in conjunction with an S2000 charged coupled device

the second year is to develop a simple, practical
methodology that would allow incorporation of the
developed molecularly imprinting polymers into mini-
columns and/or micro-channels. The ultimate goal is to

(CCD) fiber-optic spectrometer.

With this previously developed preparation procedure
for molecularly imprinted polymers, we have worked on
further optimizing the condition to obtain better quality of

assemble an automatic mini-instrument that would allow these types of polymers. Photo-activated polymerization
underivatized amino acids to be concentrated, separatedis believed to be one of the best choices to synthesize

and detected in a single step.

Progress and results

In order that minute of amounts of organic molecules
could be detected in planetary samples, for either in situ
or return samples analysis, concentration of the target
molecules is crucially important as the first step. A

molecularly imprinted polymers in situ for mini-columns
and micro-channels in the chip. Alkyl halides have been
widely used to photo-initiate polymerization of a spec-
trum of monomers under different conditions. Using
functionalized methacrylates and/or methacrylic acid
itself, it is possible to in situ anchor polymers on the
surface of a capillary column, provided the surface has

methodology was developed in the first year of the study P&en assembled, via sol gel process, with a layer of
to prepare polymers imprinted with the templates of targegilicone polymers with a pending group such as alkyl

amino acids. Monomers such as methacrylic acid,

halide. Experiments have been performed using photo-

dialkylaminopropyl methacrylate, and some cross-linking ctivated group and metal catalyst(s) to polymerize MIPs

agents were systematically formulated to optimize the
conditions for preparation of desired materials. Binding
studies confirmed the amino acid-specific affinity of
prepared molecularly imprinting polymers. Polymers
were synthesized with improved binding properties for
amino acids, although more investigation is needed to

inside the capillary with inside diameter of 75 or

100 micrometers (um). An ultraviolet (UV) transparent

capillary was chosen for possible in situ UV-activated

polymerization for molecularly imprinted polymers.
Lack of chromorphores in most of essential amino

acids is the key problem in developing an efficient and

further establish their binding properties and mechanism.highly sensitive method to detect and identify those amino
The concentration of amino acids in the outer planets is acids at their native state. Stationary phase(s) with highly
expected to be extremely low. Therefore, the strength of specific affinity for amino acids is considered to be very

14



important in overcoming this problem. With amino acids step, the research that investigates miniaturization
concentrated through the prefabricated separation phasejnstrumentation in a chip format for the present work is
the constrain on threshold of the detection limit for aminowell justified. This work has preliminarily demonstrated
acids can also be alleviated to the level achievable by thethat polymers with strong affinity to amino acids could be
contemporary techniques. Chemilluminescence has beemrepared, and there is more room for improvement of

widely under development for detecting a variety of preparing better quality of molecularly imprinted

organic molecules, including amino acids. This polymers. This type of polymer has also been anchored in

chemilluminescence-based sensitivity varies, depending the inner surface of capillary columns. Via a procedure of

upon the chemilluminescent reagents. Work is in situ photo-activated polymerization, creating micro-

continuing to set up a prototype assembly for use asa channels in a chip that contains amino acid-specific

chemilluminescence-based amino acid separation/ molecularly imprinted polymers is quite feasible. Further

detection device for use with a CCD spectrometer. investigation is needed to firmly establish a procedure for
preparing micro-channels in the chip using in situ

Significance of the results polymerization, based on the concept of molecular

The ability to concentrate, separate, and detect imprinting.

underivatized amino acids is critical for in situ sample

analysis for spaceflight. As a single-step analysis, its Keywords

benefits include simplicity, efficiency, and avoidance of Amino acids, Template, Molecularly imprinted polymers,
potential sample contamination. To demonstrate the Sol gel process, Mini-columns, Micro-channels
feasibility of analyzing amino acid samples in a single
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Exploring Carbon Nanotubes for Nanolithography

Investigators minutes. In addition, the tip array is required for large-
Dan Machak, Ames Research Center, scale applications. Our work, for the first time, shows that
Moffett Field, CA 94035-1000 nanotubes can be made into a tip array by simple
chemical vapor deposition, and used for reliable
Jie Han, MRJ, Inc., Ames Research Center nanolithography. The nanotube tips never wear out during
nanolithography as other conventional tips often do. This
Hongjie Dai, Stanford University, work “will help the development of nanofabrication, since
Palo Alto, CA 94305-4035 tip wear problems have been an obstacle to the use of
probe microscopes in lithography and data storage at the
Objectives of the study nm size scale.” (From Physics News Update, No. 390,

Exploit properties of carbon nanotubes for use in tools forSept. 10, 1998)
nanolithography, semiconductor, and micromechanical

electronic system (MEMS) device fabrication and Publications resulting from the study

metrology. Dai, Hongjie; Franklin, N.; and Han, Jie: Exploiting the
Properties of Carbon Nanotubes for Nanolithography.

Progress and results Applied Physical Letters, vol. 73, no. 11, 1998, pp.

Properties of carbon nanotubes for nanolithography are 1508-1510.

exploited. Multiwall carbon nanotubes of 10- to 20- Garg, A.; Han, J.; and Sinnott, S.B.: Interactions of

nanometer (nm) diameter and single-wall carbon Carbon-Nanotubule Proximal Probe Tips with

nanotubes of 1- to 2-nm diameter were prepared and Diamond and Graphene. Physical Review Letters,

made into scanning probe microscopy tips and tip arrays  Vol. 8., no. 11, 1998, pp. 2260-2263. .
by an in situ growth chemical vapor deposition process. Han, J.; and Jaffe, R.: Energetics and Geometries of

The nanotube tips were used to fabricate and image Carbon Nanoconic Tips. J. Chem. Phys., vol. 108,
silicon oxide nanostructures on a hydrogenated silicon 1998, p. 2817.

surface. Experiment and simulation found that nanotube Dai, H.; et al.: Self-Oriented Regular Arrays of Carbon
tips are impervious both to high compressive and lateral Nanotubes and Their Functional Devices. Science,

forces and to breakdown in high electric fields for reliable  Vol. 283, no. 5401, 1999, p. 512.
nanolithography.
Keywords
Significance of the results Molecular electronics, Nanoelectronics, Nanotechnology,
Conventional tips based on scanning probe microscopy Carbon nanotubes
technologies have been used for nanoscale lithography
and data storage. However, they break or wear down in

16



Novel Biosensors for Astrobiology Missions

Investigator variety of applications at Hewlett-Packard (color printer),

Meyya Meyyappan, Ames Research Center, Sandia, Lucent (communication), and the Jet Propulsion

Moffett Field, CA 94035-1000 Laboratory (JPL) (deep-space missions). A VCSEL in a
tiny chip would be a good replacement to the system

Objectives of the study described previously, and we have considered this

To develop infrastructure needed for the fabrication of ~ concept during this fiscal year. We have also realized

biosensors. some shortcomings: no VCSEL is available in the blue

Biosensor development is an area of active research spectrum; fabrication is still complex (involves quantum
and much venture capital investment in the last couple ofstructures) and can be expensive; and others are thinking
years. Several well-funded companies are engaged in bidh the same line, leaving us with no proprietary
sensor development, and some early versions are even advantage. More recently, we have developed an
available in the market. The market forces for the activity alternative design and have prepared an invention
arise from biomedical applications and genome Sequenc.diSClOSUI'e. The innovation involves the use of integrated
ing. Of course, such instruments, in principle, can find  light-emitting diodes (LEDs) and photodetector arrays.
applications in astrobiology and planetary missions and Commercially available, the LEDs cover the whole
battlefield operations envisioned by the Department of  Visible spectrum from blue to red, thus mitigating the
Defense (DoD). A typical state-of-the-art instrument problems associated with the unavailable VCSELSs in the
performs optical detection and identification of bio- blue region. LEDs are also much cheaper and, in addition,
molecules (e.g., DNA) by detecting the fluorescence fromallow us to use more efficient dye molecules in the entire
dye molecules attached to the subject biomolecules. TheVisible spectrum. For detection, our innovation involves a
system consists of a light source to excite the dye resonant vertical cavity photodetector array (RVCDA).
molecule and a photodetector to detect the fluoresecent The combination will provide high spatial resolution
light. The sample itself (as small as even picoliters) is ~ because RVCDA can be made highly directional and
handled in microchannel arrays, which are tiny channels sensitive, enabling a high-density probe array with
etched on a substrate using techniques developed by theminimum sample needs.
microelectronics industry. For NASA needs, the state-of-  The direction involves purchase of components and
the-art system is slow, bulky, and not well integrated. Forassembling microarray, design of the source/detector
example, Affymatrix, a Bay Area company, uses an argorsystem, fabrication of this system, and finally, integration
ion laser (which is about the size of a desktop printer) to of the components. Of these four tasks, microarrayer
generate light at 438 nanometers (nm) and a confocal ~assembly was accomplished prior to the DDF funding;
microscope for detection, making the detection optics alsghe second two tasks will be done using the DDF funding.
complex and bulky. The entire system is simply too big A joint research interchange (JRI) has been initiated with
for any NASA mission. Arizona State University (Y.H. Zhang) to fabricate the

We are pursuing two innovative approaches. The firssource (LED) and the detector (RVCDA).
involves seeking alternatives for the light source and the ~ In the second approach, the hybridization of DNA
detection component that would make the system small molecules actually can be detected by changes in an
enough to meet mass/volume requirements of NASA  electrochemical signal (voltage or current). For example,
missions. The second, longer-term goal, is revolutionary @ redox-active or conducting molecule would behave
in that we can rely on electrochemical or electrical signalglifferently in the presence of a DNA hybrid compared to

(instead of fluorescence signal) by using a carbon that in the presence of single strand. One then needs

nanotube-based sensor. electrodes connecting DNA complex or other molecules.
Potentially, the approach offers high sensitivity, high

Progress and results speed, and high selectivity. This approach needs

Semiconductor lasers, which are substantially smaller ~ conducting molecular wire, one end of which will be
than gas lasers, have been developed and employed in &?0nded to a gold electrode and the other end to target
wide variety of applications. Vertical cavity surface molecules such as DNA. We envision using carbon
emitting lasers (VCSEL) are fabricated using a GaAs/ ~ hanotube as this molecular wire. The implementation

AlGaAs material system and are being developed for a  involves controlled, patterned growth of nanotubes in
two-dimensional arrays, functionalization of the tube
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ends, and integration with electronics, all on a chip. This been awarded by the National Cancer Institute to develop
goal is a long-term one, completion of which is beyond the current concept for cancer diagnostics.

the scope of the current DDF request. An atomic force

microscope (AFM), which is a key instrument needed for Publications resulting from the study

the proposed work, has been purchased. One invention disclosure has been prepared.
Significance of the results Keywords
We have built the infrastructure needed for sensor Biosensor, Astrobiology, DNA sequencing

fabrication, and as a result, a peer-reviewed contract has
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Large Eddy Simulation of Premixed Turbulent

Combustion
Investigators inject isotropic turbulence into the computational domain
Parviz Moin, Ames Research Center, indicate acceptable correspondence with available
Moffett Field, CA 94035-1000 experimental data.
Instantaneous experimental images of a premixed

Derek S. Louch, Center for Turbulence Research, turbulent flame brush in stagnating turbulence reveals a
Ames Research Center and Stanford University, thin premixed wrinkled flame front separating burnt and
Bldg. 500, Stanford University, unburnt gas. A novel local flame-thickening approach has
Stanford, CA 94305-3030 been developed to “thicken” the flame sufficiently to be

resolved on the computational mesh. This approach is
Objectives of the study based on adding to the thermal diffusivity a “flame-
To develop a parallel large eddy simulation code in thickening” diffusivity proportional to the magnitude of

cylindrical geometry solving a modeled set of zero-Mach-the temperature gradient, the square of the grid spacing,
number large eddy simulation combustion equations withand the magnitude of the pre-exponential factor in the
Simpie Chemistry, and Subsequentiy investigate the |arge Arrhenius reaction rate expression. Preliminary tests show
eddy simulation of an experimentai premixed turbulent that the number of mesh points in the thickened flame is

flame brush in stagnating turbulence. independent of the grid spacing—a desirable property of a
thickened-flame model. A one-dimensional theoretical
Progress and results analysis of the thickened-flame model proposed here

The development of a parallel large eddy simulation codeSUPPOrts the numerical results.

in cylindrical geometry solving a modeled set of zero-

Mach-number large eddy simulation combustion Significance of the results

equations with simple chemistry has been completed. ~ These results show progress on the development of a

Both the Smagorinski and the Dynamic Model for the large eddy simulation of premixed turbulent combustion

hydrodynamics have been incorporated. Preliminary testdn stagnating turbulence. Essential computational aspects

show almost linear speedup up to 32 nodes on a Cray and tools have been developed and a necessary and novel

T3E. flame-thickening model has been proposed. Future work
Figure 1 shows a schematic diagram of a premixed Will include detailed comparisons with available

turbulent flame brush in stagnating turbulence and the ~ €xperimental data under cold and hot flow conditions.

computational domain used in simulating this From this comparison, assessment of the current large

experimental configuration. In the experiments of a eddy simulation models for both the hydrodynamics and

premixed turbulent flame brush in stagnating turbulence, transport of scalars will be considered and, where

grid-generated isotropic turbulence is created at the jet Nnecessary, modifications to these models will be

nozzle exit, which is located approximately one diameter proposed.

from a plate onto which the isotropic turbulence exiting

the jet nozzle impinges. To accurately capture the Publications resulting from the study
injection of isotropic turbulence into the computational ~ Louch, D.S.; and Umurhan, M.: A Flame-Thickening
domain, an isotropic incompressible decaying Approach for the Large Eddy Simulation of Premixed

“turbulence-in-a-box” code was written, and the decaying Turbulent Combustion (in preparation).

isotropic turbulence was then frozen and interpolated ontbouch, D.S.: Large Eddy Simulation of Premixed

a cylindrical three-dimensional mesh. The velocity field Turbulent Combustion in Stagnating Turbulence (in
of this frozen turbulence on the cylindrical mesh is preparation).

interpolated onto a plane, physically representing the jet

nozzle exit, passing through the cylindrical mesh. The  Keywords

velocity field on this plane is then used as the jet nozzle Premixed turbulent combustion, Large eddy simulation,
inlet velocity field in the computational domain. Stagnating turbulence

Preliminary cold flow simulations using this technique to
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Figure 1. Schematic representation of a premixed turbulent flame brush propagating in stagnating turbulence and the
computational domain.
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Modeling and Optimization of Ultrafast Semiconductor
Quantum Well Devices

Investigators are heated up, leading to a decrease in optical gain. When

Cun-Zheng Ning and J. Li, this DC field is replaced by an alternating (AC) field, the

Ames Research Center, optical gain will oscillate with a certain frequency. When

Moffett Field, CA 94035-1000 this AC field is in the terahertz regime, we would expect
much higher speed modulation. But in a semiconductor

Objectives of the study laser, more physical processes are involved. Thus it is

To demonstrate through numerical simulation the evident why modeling and simulation involving all the

possibility of up to terahertz switching and modulation of M&jor physical processes are necessary.

semiconductor quantum well lasers for ultrafast informa- ~ We first solved the Boltzmann equation with the

tion processing and to study the ultimate speed limit for carrier-carrier and carrier-phonon scattering to study the
such switching and modulation based on fundamental heating process with a AC electrical field (terahertz field)

processes of carrier-carrier and carrier-phonon scatteringgnder the relaxation rate approximations, allowing us to
in semiconductor quantum wells. determine the carrier heating as a function of AC field

amplitude and frequency. We then used this information
in the standard rate equation formalism to study the effect
of carrier heating on laser operation. The results show an
almost sinusoidal modulation of the laser intensity at
twice the frequency of the AC field. Such modulation can
in principle go up to terahertz frequency, without signal
distortion. We also tried lower-frequency modulation and
observed some distortion due to the interplay of the

Progress and results

This project has been completed satisfactorily after two
years of theoretical investigation and numerical modeling
and simulation. The original goals have been accom-
plished. We have discovered a new method of switching
and modulating semiconductor quantum well lasers by
using a terahertz field. The model study and numerical ) '~ M _ ) -
simulation suggest that this method is potentially an relaxation oscillation with the AC field modulatl_on.
alternative one to get around the speed bottleneck due to W€ have also conducted a more self-consistent

slow carrier relaxation time in semiconductor lasers. One@PProach by starting from the coupled Boltzmann
journal paper and two conference talks have been equation with laser equations. A set of moment equations
presented on the results were derived that include carrier temperature, carrier

Our original goals were to study the fundamental density, and laser field amplitude equations. The many-

limit of modulation and switching speed of semiconductor?@dy Coulomb interaction are also included. This is the

lasers and to improve the speed for the future informatiorf!St time this full set of equations was derived with an
technology. In a semiconductor optical device, the AC field and many-body effects included. We then solved

fundamental process is the interband recombination, a this set_of (_aquations num_erically to study the modulation
slow process that typically occurs on nanosecond time and switching of the semiconductor qL_Jantum well Igsers.
scale. In a typical laser modulation used for optical The results to a large degree agree with those obtained by
interconnect, the inject current to the semiconductor lasefN® Simplified model. This more detailed model also

is periodically modulated, resulting in a change in density2//0WS us to study other aspects that are not possible with
of charged carriers. This scenario will lead to a change oft€ Simplified model. Figure 1 shows some typical results
optical gain, the fundamental reason that semiconductorsoPtained by using the full model. ~ ~

are typically limited to tens of gigahertz in modulation We have also studied the possibility to implement

speed. During the investigation, we realized that, althougHiS modulation scheme in a realistic device through a
it is fundamentally difficult to improve the switching lateral AC field applied to a diode laser. This research,

speed through manipulation of interband processes, however, goes beyond the original goals, and we plan to
certain intraband processes could lead to a change in  @PPly for other funding to implement this scheme.

optical gain and are much faster than the interband In conclusion, we have demonstrated a novel
processes. One such process is carrier heating, or chang@€chanism, by which a semiconductor laser can be

of electron temperature. When a DC electrical field is

applied to the semiconductor laser, the charged carriers
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modulated and switched at a much faster speed than Publications resulting from the study
possible with the more traditional scheme. At the same Ning, C.Z.; Hughes, S.; and Citrin, D.S : Ultrafast
time, the model and numerical simulation tools developed  Modulation and Switching of Quantum Well Lasers.

during this investigation will also allow us to study other Photonics West, San Jose, Calif., Jan. 1999.

aspects of the physics of the device. Li, J.; and Ning, C.Z.: Quantum Well Lasers under THz
Modulation. Paper presented at the annual meeting of

Significance of the results the Optical Society, Santa Clara, Calif., Sept. 27,

We believe that the novel mechanism that we suggested 1999.
and demonstrated numerically will help to increase the Ning, C.Z.; Hughes, S.; and Citrin, D.S.: Ultrafast

device speed for information processing by at least an Modulation of Semiconductor Lasers through a
order of magnitude. This will have significant conse- Terahertz Field. Appl. Phys. Letts., vol. 75, no. 442,
quences for certain special systems of information 1999.

processing. At the same time, the theoretical model and

numerical tools we developed will also allow us to study Keywords

other issues related to high-speed devices and help to  Terahertz modulation, Plasma heating, Ultrafast
further improve the devices for modulation and switching.optoelectronics, Quantum well lasers
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Toward a Phylogeny of Biological Functions

Investigators called TM1, TM2, TM3, and TM4, separated by loop
Andrew Pohorille, Peter Cheeseman, regions of varying length and an extracellular domain that
Karl Schweighofer, and Michael New, is involved in binding small signaling molecules. To date,
Ames Research Center, we have identified 43 proteins @ eleganghat have
Moffett Field, CA 94035-1000 high similarity to known GABA or glycine receptors.

Using the TM regions, and the small loops between TM1
Objectives of the study and 2, and TM2 and 3, we trained a hidden Markov model

One essential issue in studies of the origin and evolution (HMM) from an initial set of 58 known GABA/glycine

of life is to determine how essential cellular functions ~ sequences from higher organisms. Using this model, we
developed and were integrated into simple cells. One  identified 36 homologous proteins @ elegansA

approach to this problem is to exploit the vast amount of Multiple alignment of these sequences showed very high
genomic data currently being compiled for many differentconservation in the TM domains, and in a loop spanning
organisms. The field of bioinformatics was created in ~ TM2 and TM3. Mutations in this latter region alter the
order to analyze these data, but has largely focused on tHesponse of the protein to signaling molecules and cause
identification of protein targets for drug discovery. Yet, other highly anomalous behavior, indicating that there is a
the same tools that have been used to gain insight into  1arge degree of evolutionary pressure to maintain this
disease pathways can also be used to study the evolutiof€gion.

of these pathways, using the commonalities among In addition to the HMM built on the TM regions, we
organisms of varying degrees of antiquity. The purpose oflso targeted the amino-terminal signal region of the

this research is to further develop and utilize methodologyrotein. Using this region, we built an HMM, which was
for comparing similar classes of proteins across multiple used to find seven more GABA/glycine-like sequences in
genomes in order to gain understanding into the mecha- the C. elegangenome. At least one of these sequences
nisms of how essential cellular functions arise and are  shows a dual similarity to another class of proteins—the

preserved. G-coupled receptors—which have an entirely different
domain structure and cellular function. We think that this
Progress and results might be an artifact of the gene prediction software used

As an example, we have chosen for our studies a @t the genome center to translate the DNA sequence into

family of membrane proteins known as ligand gated ion Protein. At this time, this is still under investigation.
channels (LGICs). They transmit neural signals by In addition to being able to identify reliably, and
opening or closing channel in response to the presence ofccurately target sequences (in this case GABA/glycine
small signaling molecules. We have identified putative ~members of the LGIC family), we have discovered that
members of this family in the genomes of several this methodology is a good way of resolving inconsis-
organisms. In particular, we have focused on the genome€ncies in the genomic data itself. In addition, our

of the nematod€. eleganssince the complete DNA of discovery of several partial GABA/glycine homologs and
this organism has been recently sequencedCand one putative fusion protein (combining LGIC and .
elegansrepresents a likely intermediate between ancient G-coupled receptor domains) may represent an evolving
and contemporary organisms. This last point is importantP‘)pU'at'F’n of nonexpressed genes, providing a reservoir
because very primitive LGICs may not be recognizable bjf®m which new functions can arise. _
comparison to only contemporary proteins. Because of the We plan to investigate further several of the partial
large degree of variability, both in sequence and structurd>ABA/glycine homologs to determine whether the entire
among subgroups of LGICs, we have narrowed our focuscoding region is on a S'“Q'? exon, or contiguous exons, in
to the gamma amino butyric acid (GABA) and glycine the DNA sequence. If this is the case, then it is posgble
receptors. Even within this restricted class of receptors, athat these sequences have resulted from an evolutionary
wide range of variation has been observed. The domain important process of exon shuffling rather than an
structure of these proteins, however, is highly conserved:anomaly in the gene prediction software. In addition,

all of them have four transmembrane regions,
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we also are investigating the putative fusion protein and, Keywords

in particular, the intron/exon boundaries of this segment Information theory, Homology modeling, Monte Carlo,
of the genome to assess the possibility of an error in the Evolution channels
original genomic data.
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DNA Damage Repair in Nature?

Investigators transparent in the photosynthetically active portion of the

Lynn J. Rothschild, Ames Research Center solar spectrum [400—-700 nanometers (nm)].

Moffett Field, CA 94035-1000 First, because levels of DNA synthesis had been
measured in our lab by labeling newly synthesized DNA

Anita Buma, University of Groningen, with radioactive phosphate, we checked to see if uptake of

P.O. Box 59, 1790 AB Den Burg, Texel, Netherlands phosphate during the day and under different UV regimes
could account for apparent differences in DNA synthesis.

Cindy Wilson, Tests in 1998 and 1999 on field samples in Yellowstone

University of Montana, Missoula, MT 59801 National Park showed that differences in phosphate
uptake could not explain apparent differences in DNA

Objectives of the study synthesis rates, thus suggesting that these differences

To determine if enhanced rates of deoxyribonucleic acid were real rather than experimental artifact.

(DNA) synthesis in the presence vs. absence of solar Second, we eliminated the possibility that the cells

ultraviolet (UV) radiation that Rothschild had previously simply produce more DNA at some times of day under
measured in microbial communities was the result of higher levels of UV radiation that accumulates in the cell.

excision repair. If this were true, these would be the first UV boxes were placed over portions of Nymph Creek,

measurements of excision repair in nature. Yellowstone National Park. Samples from the Cyanidium
mat from under the different screens were removed every
Progress and results 1.5 hours, placed in 0.25-percent final concentration

DNA is subject to damage, with consequences ranging fo_rmalin, and storeq at room temperature. In collaboration
from small changes in base sequence, to cancer and deaffith Marcel Veldhuis (NIOZ, the Netherlands), samples
Alternatively, such damage may be repaired by the cell. Were stained with pico green for 45 minutes, and then
Several mechanisms of DNA damage repair are known @ssayed using flow cytometry. Flow cytometry revealed
from lab studies, but little is known about DNA damage tWo distinct populations of cells based on DNA content.
repair in nature. While studying microbial ecosystems in These were identified as an acidophilic Chlorella and as
the field, we found that DNA synthesis rates were higher Cyanidium. The results showed that within populations
in the presence of solar UVR than in its absence. These there was no significant difference in total DNA per cell
may be the first measurements in nature of the DNA under different UV treatments. Thus, this finding suggests
damage repair called excision repair. that differen.ces in total DNA cannot explain apparent
Ordinary laboratory methods for detecting excision ~differences in DNA synthesis rate.
repair are inappropriate for use in the field because they ~ Third, we determined the type of damage to the DNA
require use of mutant cells, extreme levels of radiation N Nymph Creek during September 1998. Samples were
exposure, labeling with toxic compounds, etc. Thus, the taken from under UV transparent and UV opaque screens
approach used here was indirect, and consisted of a seriéom different times of day, and the DNA purified.
of tests. Experiments were conducted in Yellowstone ~ Purified DNA was tested for the presence of thymine
National Park either on a mat composed primarily of the dimers, a common form of UV-induced DNA damage
unicellular red alga Cyanidium, located in Nymph Creek, that occurs primarily as the result of UVB radiation
or on a mat composed primarily of the filamentous green damage. Under the guidance of Anita Buma, we used
alga Zygogonium, located in Norris Annex. Alternatively, immunoblotting to show that there were no detectable
some experiments were conducted at NASA Ames thymine dimers from that sample. This finding suggested
Research Center on excision repair mutants of the yeast that either 1) damage didn't occur, 2) the damage was in a
Saccharomyces cerevisiae. To block exposure to UV different form, or 3) the dimers were repaired so quickly
radiation, UV opaque Plexiglas was used to construct ~ that they weren't detected.
boxes. As a control, boxes were constructed out of UV Fourth, we examined the possibility that what we
transparent Plexiglas. To block UVB radiation, boxes ~ Were observing could be due to indirect effects of UV
were made out of UV transparent Plexiglas and covered radiation (e.g., oxidative damage by the photochemical

with Mylar. In all cases, the Plexiglas was over 90 percenproduction of reactive oxygen species) rather than direct
effects (e.g., thymine dimers). In 1999, in collaboration
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with the University of Montana, we added varying there are several lines of evidence supporting the view
amounts of hydrogen peroxide to mat samples in that we are measuring excision repair. Further, we suggest
Yellowstone, incubated the samples for varying amounts that the reason that apparently high levels of UV-induced
of time, added radioactive phosphate, and determined  excision repair are occurring is because the UV damage is
DNA synthesis rate as had been done previously. These indirect, that is, oxidative damage.

results showed in Zygogonium an increase in DNA

synthesis rates with the addition of up to 10 uMD}i Conclusions

with decreases down to O with increasing concentrations,|t is increasingly likely that at least some of what we are
presumably due to cell death. This finding demonstrates measuring is excision repair, although this is not

that, in a field setting, increased levels of reactive oxygenconfirmed. UVA radiation produces reactive oxygen
species increase DNA synthesis. Unlike DNA damage  species, both inside the cell and in the stream water. This

that results in thymine dimers and can be directly finding also has important implications for astrobiology,
photolysed by the enzyme photolyase, oxidative damagebut these may differ from implications of UVB. Some
is likely to be repaired by excision repair. progress was made on developing assays to measure DNA

Finally, a series of experiments were conducted with damage in the lab.
yeast mutants because yeasts are nonphotosynthetic, so
diurnal rhythms of metabolism are not tied in with solar Puyblications resulting from the study
radiation in other ways, and because excision repair Rothschild, L.J.: The Influence of UV Radiation on

mutants are available. First, we were able to show that Protistan Evolution. J. Euk. Microbiol, vol. 46, 1999,
yeast growth is inhibited by natural solar levels of UV pp. 548-555.

radiation (21 May 1998). Second, growth of wild type andRothschild, L.J., and Cockell, C.S.: Radiation, Microbial
excision repair minus strains were grown on the roof of Evolution and Ecology, and Its Relevance to Mars
building 239, NASA Ames Research Center, under Missions. Mutation Research, 1999, in press.
natural solar radiation to determine relative growth rate. Cockell, C.S.; Kepner, R.; Rothschild, L.J.; Catling, D.;
At all time points from 1000 to 2400 hours there were Lee, P.; Davis, W.; and McKay, C.P.: The
relatively more wild type than mutant cells, suggesting Ultraviolet Photobiology of Mars: Past, Present and
that excision repair was important for cell survival under Future. Icarus, in press.

natural solar regimes. Third, yeast mutants and wild type Cockell, C.S.; and Rothschild, L.J.: The Effects of

cells were exposed to different concentrations &9,H Ultraviolet Radiation A and B on Diurnal Variation
and tested for DNA synthesis. While both strains showed in Photosynthesis in Three Taxonomically and

an increase in DNA synthesis rates with the addition of Ecologically Diverse Microbial Mats. Photochem.

small amounts of the oxidizing agent, a currently puzzling  Photobiol, vol. 69, 1999, pp. 203—210.
result, at concentrations >10 UM, the wild type synthe-  Rothschild, L.J.: Microbes and Radiation. In Origin,
sized more DNA per unit time than the mutant. At Evolution and Versatility of Microorganisms, J.

concentrations of D, >25 pM, DNA synthesis was Seckbach, ed. Kluwer, Dordrecht, The Netherlands,
undetectable in the mutant, but continued in the wild type 1999, pp. 551-562.

at concentrations >2500 uM.

o Keywords
Significance of the results DNA damage, Excision repair, UV radiation, Algae,
The results, while not definite, strongly suggest the Yellowstone

following. First, diel differences in DNA synthesis under
different UV regimes are real and not an artifact. Second,
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A Cryogenic Chamber for Investigating the Reflectance
Properties of Materials as a Function of Temperature

Investigator Progress and results

Ted L. Roush, Most of the components of the environmental chamber
Ames Reaearch Center, and cryo-tip refrigerator have been purchased. When all
Moffett Field, CA 94035-1000 components are available, the chamber will be assembled,

tested, and commissioned for scientific research.
Objectives of the study
Develop an environmental chamber at Ames that can be Keywords
interfaced with existing spectrometers in order to charac-Cryogenic chamber, Temperature effects, Reflectance
terize the visual and near-infrared spectral reflectance of spectra
meteoritic and organic materials over a temperature range
appropriate for the outer solar system.
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Stability Properties of an Initially Stationary
Two-Dimensional Separation Bubble

Investigators prediction, made possible by the capabilities of
Murray Tobak, Ames Research Center, Henderson’s code.
Moffett Field, CA 94035-1000
Progress and results
Jonathan H. Watmuff, MCAT Institute, All attempts to produce a 2-D steady separation bubble in
Ames Research Center the wind tunnel with a plane wall resulted in unsteady
behavior, even at very low flow speeds. Hot-wire signals
Ronald D. Henderson, California Institute of Technology, showed that instabilities formed after separation, and they

Pasadena, CA 91125 grew rapidly, leading to a turbulent reattachment. The
inability to establish a steady bubble precluded the ability
Objectives of the study to distinguish between absolute and convective instabili-

Wind tunnel experiments and numerical computations  ties, a situation that would prevent the intention of

have the potential to enhance each other’s capacity to ~ carrying out a one-to-one correspondence with computa-
achieve reliable and accurate simulations of the flows  tional predictions. Therefore, study of the separation

over bodies in flight. The obstacles standing in the way ofoubble on a plane wall was abandoned in favor of a study
success in wind tunnel simulations are largely factors thadf the axisymmetric separation bubble on a hemisphere/
affect the quality of flows. The obstacles standing in the cylinder body in the other wind tunnel.

way of success in numerical simulations are largely The flow over a hemisphere/cylinder at zero angle of
factors that affect the predictability, verifiability, and attack experiences an adverse pressure gradient in the
reliability of results based on codes featuring discretized vicinity of the junction of the hemisphere and the
representations of systems of nonlinear governing cylinder. Surface oil-flow visualization showed the

equations. Combined studies that bring into play the formation of a 2-D azimuthal separation bubble.
interactions between theory, experiment, and computa- However, the scouring of oil from the surface down-
tions may help remove the obstacles in both efforts. The stream of reattachment suggested that the flow was

stability characteristics of an initially stationary two- turbulent, an observation that was confirmed by hot-wire
dimensional (2-D) separation bubble comprise a suitable measurements. Unfortunately, considerable unsteadiness
subject for such a combined study. was also observed in the reattachment region, even at very

Ames provided the experimental component of the low Reynolds numbers, despite the 2-D mean flow.
combined study in the form of two wind tunnels of provenTherefore, this configuration also forestalled the objective
high flow quality. One tunnel has the capability of to establish a one-to-one correspondence between
generating a sufficiently extensive zone of 2-D separatedexperiment and computation for the separation bubble.
flow over a plane wall. The other tunnel has the capability =~ Henderson’s computations indicated that for the case
of generating an axisymmetric separation bubble on a  of a semicircular leading edge, the onset of separation
body of revolution. Henderson made available a highly occurs at a Reynolds number that would require too small
accurate numerical code of proven capability for the task @ model for the experimental flow-speed range. Previous

envisioned. The experimental protocol consisted of observations using a high-aspect-ratio elliptic leading
incremental increases in flow Reynolds number and the edge demonstrated an attached flow, suggesting that an
testing of flow stability by impulsive disturbances. intermediate-aspect-ratio elliptic leading edge could be

Theoretical considerations led this study to anticipate  designed by computation that would generate an initially
observing first, the onset of flow unsteadiness, governed steady separation bubble and the onset of instabilities,
by a convective instability mechanism, followed by 2-D compatible with the flow-speed range of the experiment.
vortex shedding, governed by an absolute instability Researchers of this study consider this potential use of
mechanism. Additionally, at some stage, self-sustained computation to design the model geometry in order to
3-D flow perturbations should have become observable. realize specific flow phenomena both a means to

The objective was to achieve a one-to-one corre- surmount the experimental difficulties that were encoun-
spondence between the experimental observations of ~ tered and a new direction for the use of Information
these instability mechanisms and their computational Technology.
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Significance of the results 2. Watmuff, J H.: Evolution of a Wave Packet into
Realization of the objectives of this study cannot be Vortex Loops in a Laminar Separation Bubble.
achieved unless a model can be designed that will sustain  J. Fluid Mech., vol. 397, pp. 119-169, 1999.

a stationary separation bubble of measurable extent withid. Henderson, R.D.: Adaptive Spectral Element

the Reynolds number ranges of the wind tunnels avail- Methods for Turbulence and Transition. In: High-

able. Adaptation of the computational tool to this end is Order Methods for Computational Physics (Lecture

both a feasible means of surmounting the experimental Notes in Computational Science and Engineering, 9),

difficulties encountered and an opening toward a new use  Timothy J. Barth and H. Deconinck (eds.), Springer

of Information Technology. Verlag, New York, 1999.
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